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Summary: We describe an enzyme-immunoassay with photometric endpoint determination, suitable for the
measurement of thyrotropin (TSH) in dried blood spotted on filter paper. Using reagents of a commercially
available test kit provided for the measurement of thyrotropin in 200 serum, we have adapted the method
to the determination of thyrotropin in blood spots containing ca. 10 blood. This was achieved by
Prolongation of the assay time from 3 to 20 hours, and by increasing the amount of enzyme-antibody
complex. Precision and sensitivity of the blood Spot assay are comparable to those of our in-house thyrotropin
RIA, and the RIA/EIA correlation coefficient is 0.987 (n = 150). The advantages of EIA are the simplicity
of the photometric end point determination (although strict time control has to be observed in order to
avoid drifts in results), the long stability of reagents, and the non-isotopic label. The method therefore
appears to be a suitable alternative to thyrotropin RIA for the determination of thyrotropin in neonatal
thyroid screening.

Thyrotropin-Enzym^Immunoassay in getrockneten Blutstropfen: Eine spektrophotometrische Methode för das
neonatale Schilddrüsen-Screening
Zusammenfassung: Wir beschreiben einen Enzym-Immunoassay mit photometrischer Endpunkt-Bestimmung,
der zur Messung des Thyrotropins (TSH) aus auf Filterpapier getrockneten Blutstropfen geeignet ist. Es
wurden Reagenzien aus einem im Handel erhältlichen Kit zur Bestimmung des Thyrotropins in 200 Serum
verwendet, und die Methode wurde zur Bestimmung von Thyrotropin aus getrockneten Blutstropfen,
enthaltend etwa 10 Blut, adaptiert. Dies wurde durch Verlängerung der totalen Inkubationszeit auf 20
Stunden und durch Erhöhung der Konzentration des Antikörper-Enzym-Komplexes erzielt. Präzision und
Empfindlichkeit des Assays sind mit denen unserer eigenen RI -Methode vergleichbar, und der Korrelations-
koeffizient zwischen RIA und EIA beträgt 0,987 (n = 150). Die Vorteile des EIA liegen in der Einfachheit
der photometrischen Endpunkt-Messung, obschon der Pipettierzeit große Aufmerksamkeit geschenkt werden
muß, in der langen Haltbarkeit der Reagenzien und in der nicht-isotopischen Markierung. Alle diese
Eigenschaften machen aus diesem Test eine unserer Meinung nach sehr geeignete Alternative zum Thyrotro-
pin-RIA für das neonatale Schilddrüsen-Screening.
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Neonatal thyroid screening on a large scale is usually methods was highly desirable. In 1983 an enzyme-
performed in dried blood spots by radioimmunoas-
says of thyrotropin and/or T4 (l, 2). These assays *) Presented in pari at the 7lh International Congress of Endo-
have proved to be reliable, but the method has several 2 crinology, Quebec 1984
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agents, the legal requirements for handling radio- 3) Visiting Fellow from Beijing, People's Republic of China.
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immunoassay with fluorimetric end point reading was
described, which could be applied to the determina-
tion of thyrotropin and T4 in dried blood spots, after
elution from filter paper (3).

Recently an enzyme-immunoassay with photometric
end point reading, suited to the determination of
serum thyrotropin has become commercially avail-
able. The possibility of carrying out an enzyme-im-
munoassay, using a simple photometer, available in
almost every laboratory, instead of a more expensive
and complicated fluorometer, led us to adapt this
method to the measurement of thyrotropin in dried
blood spots, with the aim of applying it to mass
screening for congenital hypothyroidism (4).

Other authors, using the same reagents, have also
modified the thyrotropin EIA, with the aim of in-
creasing its sensitivity, to obtain a thyrotropin assay
which could be used for the discrimination between
eu- and hyperfhyroid plasma thyrotropin levels (5, 6).

Materials and Methods
Sample collection

Capillary blood was obtained by heel prick, spotted on filter
paper (Schleicher & Schüll No. 2992) and dried at room temper-
ature. The samples were kept in a plastic box at 4°C until
analysed.

Blood spot thyrotropin EIA

For the determination of thyrotropin in dried blood by enzyme-
immunoassay, the cEnzymun-Test-TSH' Kit (Boehringer
Mannheim) was used after modifications, äs described in the
result section.

This assay System is based on a sandwich technique which uses
monoclonal anti-ß-thyrotropin antibodies coupled to the wall
of the reaction tube and polyclonal anti-a-thyrotropin antibod-
ies coupled to horseradish peroxidase äs the label. The reaction
end point is read spectrophotometrically at 405 nm by monitor-
ing the colour change of the chromogen 2,2'-azino-di-(3-ethyI-
benzthiazoline-6-sulphonate) (ABTS) in the presence of H2O2.
The reagents are stable fore 12 months when stored at 4 °C.
All reagents were used äs supplied by the manufacturer of the
kit.

Preparation of thyrotropin Standards in blood

Concentrated thyrotropin Standard preparation MRC 68/38 in
0.05 mpl/1 phosphate buffer, pH 7.4 containing bovine serum
albumin (50 g/l), was diluted with blood from an adult euthy-
roid donor to working concentrations of 5, 10, 20, 50 and 100
mU/1 blood. The volume of the added Standard Solutions never
exceeded 5% of the blood volume. These Standard Solutions
were spotted on filier paper (Schleicher & Schüll No. 2992),
dried at room temperature and stored in a plastic box at 4 °C
until used.

Comparison of blood spot thyrotropin RIA with thy-
rotropin EIA

To assess the validity of the thyrotropin EIA results, thyrotro-
pin was determined radioimmunologieally in dried blood spots
with the RIA äs used in our l'aboratory for neonatal thyroid
screening (1). For this purpose samples collected routinely for
the neonatal thyroid screening were anßjysed by RIA äs well
äs by EIA.

Statistics

Assay precision and sensitivity were calculated according to
Rodbard (7). The significance of differences was estimated using
the Wilcoxon signed rank test for paired samples.

Results

Preliminary studies

In our first experiments we tested whether the filter
paper discs could stay in the tubes throughout the
assay, äs in our thyrotropin RIA (1), or whether they
had to be removed prior to the enzyme reaction. We
found that in the presence of the filter paper, the
absorbance of the zero Standard reached values of
1.5 or higher, making further absorbance readings
impossible. We had therefore to remove the filter
paper discs from the assay tubes after the first incuba-
tion.

Duration of incubation

The original procedure for th£ thyrotropin EIA calls
for 3 incubation Steps of one hour each, using a
sample of 200 serum. In the blood spot assay we
use samples of 10 dried blood, corresponding to
approximately 5 of plasma. For this and for other
practical reasons (e. g. large sample series), we have
extended the total incubation time to approximately
20 hours. The first Step consisted of an overnight
(l 5 h) incubation at 4 °C. From our experience with
blood spot RIA (1) we knew that thyrotropin elutes
almost completely from filter paper during this time.
All further incubation Steps were perfonned at room
temperature. The time of the incubation with peroxi-
dase-antibody complex was increased from l to 3
hours, and the time of the incubation with ABTS
was changed from l to 2 hours. These increases in
incubation time did not affect the absorbance in the
samples with basal thyrotropin concentrations, but
resulted in an increase of absorbance at higher thyro-
tropin concentrations. The increment in absorbance
between the thyrotropin Standard 0 and the thyrotro-
pin Standard 20 increased from Q.066 to 0.143, there-
fore enhancing the sensitivity. ·»
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Assay protocol

Two assay protocols were tested. They differ with
respect to the reaction between the thyrotropin in the
samples and the antibody coupled to the tube wall
(tab. 1). In protocol A, the blood spots were incu-
bated with buffer directly in the antibody-coated tu-
bes and the filter paper discs were removed after
overnight incubation by decanting during the first
washing step. In protocol B, the blood spots were
first eluted overnight with buffer in an ordinary test
tube; thereafter, an aliquot of the eluate was pipetted
in the antibody-coated tube. All further Steps were
identical for both assay protocols.

As shown in figure l, similar Standard curves were
obtained with the two assay protocols. The lower
absorbance readings of curve B reflect both the
shorter incubation time and the smaller sample,
which was an aliquot (500 μΐ) of the sample (600 μΐ).

Both assay procedures were run manually s well s
with semi-automatic equipment. The latter (ES-22,
Boehringer Mannheim), consisted of a dispensing-
aspirating pump, a tube transport chain, a filter pho-
tometer and an Epson HX-20 microcomputer. For
end point measumement in the manual assay, we used
a LKB-Ultrospec spectrophotometer equipped with
a flow-through cuvette (LKB-Autofill). There were
no differences in the results of the assays performed
manually or with the ES-22.

For all further experiments we decided to use pro-
tocol B, since it proved to be more easily adaptable
to the ES-22 equipment.

2.0

1.0

10 50 100 150
Thyrotropin ( M R C 68/38) C m U / l J

200

Fig. 1. Standard curves for the blood-spot thyrotropin enzyme-
immunoassay obtained after direct incubation of filter
paper in antibody coated tubes ( ), and after
incubation of sample aliquots following overnight elu-
tion ( . ).

In our definitive assay procedure, samples or Stan-
dards, in the form of filter paper discs of 6.5 mm
diameter containing approximately 10 μΐ of dried
blood, are incvtbated overnight at 4 °C with 600 μΐ
assay buffer A in an ordinary plastic test tube. The
following morning an aliquot of the eluate (500 μΐ)
is transferred to an antibody-coated test tube together
with 500 μΐ peroxidase-antibody complex diluted
l : 30 in assay buffer B. All the tubes are briefly
shaken and incubated for 3 hours at room tempera-
ture. After decanting, the tubes are washed 3 times
with tap water, and l ml of a mixture of H2O2 and
ABTS is added. After a further 2 hours incubation
at room temperature, the absorbance is read at 405
nm and the results calculated by linear Interpolation.

Tab. 1. Assay prptocols for thyrotropin EIA in serum and in dried blood spots.

Serum

1h

1h

1h

T <- Sample (200 μΐ) and buffer
(l ml) in antibody coated
tube

- - <- Wash, add
peroxidase-antibody
complex (l ml)

- - «- Wash, add ABTS (1ml)

-L «- Read absorbance 405 nm

Dried blood
A

Dried blood
B

• 15h

T <- Filter paper disc and buffer
(l ml) in antibody coated
tube

- - <- Wash, diseard disc
add peroxidase-antibody
complex (l ml)

3h

2h :

-- <- Wash, add ABTS (l ml)

-L <- Read absorbance 405 nm

15h

3h

2h

Filter paper disc and
buffer (600 μΐ) in ordinary
tube

Transfer eluate to anti-
body coated tube (500 μΐ),
add peroxidase-antibody
complex (500 ul)

- - <- Wash, add ABTS (l ml)

-L «- Read absorbance 405 nm
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Assay specificity
According to the data given by the manufacturer (8),
the monoclonal anti-ß-thyrotropin antibody coupled
to the tube wall has practically no cross-reactivity
with either lutropin or follitropin. These results are
based on a assay protocol with separate incubation
of serum and labelled antibody. However, in our
assay procedure B, both the tube-bound antibody
and the peroxidase-antibody complex were allowed
to react simultaneously with the sample eluted from
the filter paper. Therefore, we had to test whether
high concentrations of lutropin and/or follitropin in
the sample would bind a significant amount of the
peroxidase-antibody complex thereby decreasing the
measured absorbance. In order to avoid this possibil-
ity, we decided to increase the concentration of the
peroxidase-antibody complex from l : 50 to l : 30. As
shown in table 2, this excess of enzyme-antibody
complex does not disturb the assay, and allows cor-
rect measurements of thyrotropin even in the pre-
sence of very high levels of gonadotropins.

Tab. 2. Influence of high concentrations of lutropin and folli-
tropin on absorbance (mean, n = 5).

Thyrotropin
mU/1

0
10
20
50

Absorbance at

Thyrotropin

0.175
0.269
0.358
0.606

405 nm

+ Lutropin
200 U/l

0.183
0.264
0.361
0.595

+ Follitropin
260 U/l

0.177
0.275
0.359
0.601

Effect of haemoglobin and bilirubin

We have tested the effect of haemoglobin in concen-
trations of 160-270 g/l. Up to 220 g/l (corresponding
to a haematocrit of approximately 0.70) there was no
interference. At haemoglobin concentrations above
250 g/l however, a slight increase in absorbance was
noticed, which resulted in apparently higher thyrotro-
pin concentrations in the order of 5 mU/1.
In a similarly designed experiment, we tested the
infhience of foetal haemoglobin by using cord blood
samples. There is no interference with the measure-
ment of thyrotropin, even at foetal haemoglobin con-
centrations äs high äs 145 g/l.
In order to test the effect of high concentration of
bilirubin, we assayed samples obtained from icteric
infants. In blood spots with bilirubin concentrations
up to 0.12 g/l, no interference could be found in the
assay. Bilirubin concentrations of 0.2 g/l or more,
lead to a decrease in absorbance, and therefore to
thyrotropin concentrations approximately 30% to
low.

Assay precision
Intraassay coefficients of Variation (CV) at thyrotro-
pin concentrations of 17, 57 and 67 mU/1 were 10.9%,
7.5% and 4.5% respectively (n = 10). Interassay co-
efficients of Variation at the same concentrations were
15.5%, 12.9% and 6.7% respectively (n = 10). The
doses read at 20% and 50% of the maximal absorb-
ance in 10 consecutive assay s were 19.2 mU/1 (CV
22.5%) and 78.5 mU/1 (CV 8.0%) respectively.

Assay sensitivity

The mean sensitivity of the thyrotropin enzyme^im-
munoassay in blood spots, read from the Standard
curve at a point calculated äs A0 + 2SD (7), was 3.5
mU/1. This value was derived from 15 consecutive
assays, with a ränge of results between l mU/1 and
7.7 mU/1.

Assay validity

Blood spot thyrotropin was measured by EIA and
RIA in 150 samples of newborn infants collected for
routine neonatal thyroid screening. The correlation
between the two methods was statistically significant,
the correlation coefficient being 0.987; the regression
equation was y = 0.42 + 0.95 where y represents
the thyrotropin concentration measured by EIA and

the thyrotropin concentration measured by RIA
(fig-2).

E120 -

20 40 60 80 100 120
Thyrotropin {radioimmun o assay, MRC'68/38) C m Ü / l J

Fig. 2. Correlation of blood-spot thyrotfopin concentrations,
• measured with RIA (x) and enzyme-immunoassay (y)

y = 0.42 + 0.95 x; r = 0.987; a = 150
O = mean of 111 values < lOmU/1
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Discussion

To our knowledge, this is the first report of an en-
zyme-immunoassay with photometric end point read-
ing for the determination of thyrotropin in dried
blood, although reports on neonatal thyroid screen-
ing using enzyme-immunoassay with fluorimetric end
point measurement have been published earlier (3).

The combination of a solid phase technique, using
a monoclonal antibody, with an enzymatic System
consisting of horseradish peroxidase, ABTS and
H2O2, resulted in an assay, which is both fast and
sensitive for the measurement of thyrotropin eluted
from äs little äs 10 of dried blood spotted on filter
paper. It is therefore suitable for neonatal thyroid
screening.
Furthermore sensitivity, precision and validity of the
filter paper EIA compare favorably with those of the
RIA used for mass thyroid screening. Assays for
neonatal thyroid screening are usually run in series
of several hundred samples, and therefore automa-
tion of the procedure is highly desirable. However,
füll automation of the assay is not possible due to
the necessity of removing the filter paper before the
addition of enzyme-antibody complex, äs shown in
the results section. With the use of our modified assay
protocol, this Step is omitted. It is conceivable that
also the transfer of an aliquot of eluate may be
automated in the near future. In our experience with

the filter paper EIA, drifts in results occurred when
series of more than 100 tubes were run manually.
Such drifts can only be avoided by strict control of
the assay procedure during both the pipetting of the
Substrate and the end point determination. The use
of the ES-22 processor facilitated this task allowing
an exact control of pipetting and incubation times.

Our results show that the photometric enzyme-immu-
noassay can be used for the measurement of thyrotro-
pin in dried blood spots. Compared with the original
EIA procedure in serum, the sensitivity is reduced,
but still adequate for the purpose of neonatal thyroid
screening. The longer incubation time, compared with
the serum assay, allows us to process daily all the
samples received and to report results within 24
hours, therefore resulting in an earlier diagnosis and
Start of treatment in hypothyroid infants.

The modified enzyme-immunoassay for thyrotropin
described in this study requires more pipetting Steps
than the usual i^dioimmunoassay and, in addition, a
rather time consuming eluate transfer step. However
there are considerable advantages, such äs the long
shelf life of reagents, the possibility of using non-
radioactive labels, and the end point measurement
with a simple photometer, which make of the EIA
assay System a viable alternative to the RIA for
the determination of thyrotropin in neonatal thyroid
screening.
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